The HCV stem-loop subdomains III-a, -b and -c have been shown to reflect the characteristics of the virus and identify isolates by genus, genotype and subtype. The aim of this study was to investigate the genotype-specific PNS within the 5'UTR of prevalent HCV genotypes (1 and 5a) found in South Africa. The genotype 5a (N=35) and genotype 1 sequences (N=20) were from patients presenting with liver disease or haemophilia, respectively. PNS HCV typing characteristics, defined previously, were observed. The PNS method differentiated subtypes 1a and 1c from subtype 1b by the base change at nucleotide position 243. A lack of structural data from the variable loci V1 of the 5'UTR did not allow us to further differentiate the subtypes of 1. A nucleotide change from a thymine (T) to a cytosine (C) at position 183 was found among genotype 5a sequences.
The aim of this study was to investigate these genotype specific palindromic substitutions within the 5'UTR of the most prevalent HCV genotypes (1 and 5a) in South Africa. The study was retrospective and approved by the ethics committee of the University of the Witwatersrand, Johannesburg, South Africa (WITS HREC M051114), and was therefore performed in accordance with the ethical standards of the 1964 Declaration of Helsinki.
The study described the secondary structure in the 5'UTR sequences of specimens previously genotyped as 1 and 5a in two patient cohorts attending a Johannesburg hospital (Prabdial-Sing et al., 2008) . Sixty-one sequences (genotype 1, N=26; genotype 5, N=35) were formatted and aligned using ClustalW in BioEdit, version 7.0 (Hall, 1997) over the informative regions (179 nucleotides) of the 5'UTR as described by Giangaspero et al., 2008 . Reference strains used were: M62321 (1a), D50480 (1b), D14853 (1c), D17763 (3a), D49374 (3b), Y12083 (6a), D50409 (2c), D10988 (2b), D00944 (2a), U33430 (5a), AM502711, AM502710, DQ164748-DQ164751 (5a), AY033769 and L28057 (5a). Sequences were then analysed for PNS patterns in the predicted secondary structures according to the algorithm of Zuker and Stiegler (1981) using the Genetyx-mac Software program (version 10.1 Software Development Co., Ltd., Tokyo, Japan) as described previously (Giangaspero et al., 2008) .
The PNS method was 100% concordant with the sequencing method (Table 1a and b) at the genotype level. The characteristic genotype PNS patterns identified by Giangaspero et al., 2008 for genotype 1 and genotype 5a were observed in this study. Tables 1a and b indicate relevant sections of the primary nucleotide alignment of the genotype 1 (141-252, -201 to -89, according to Choo et al., 1991) and 5a sequences (102-227, -240 to -114, according to Choo et al., 1991) , respectively. The shaded regions show important base pair genotype signatures in the stem-loop sequences. Row 1 of the table refers to the PNS pattern number (Fig. 1b) while row 2 gives the actual nucleotide number in the primary sequence data. The RNA folding is a result of base-pairing of upstream nucleotides with complementary nucleotides further downstream. For example, PNS pattern 28 pairs nucleotides 179 and 220 (Table 1a ). Figure 1 shows the typical pattern of folding in the 5'UTR region and shows the position of the structural regions V1 and domain III described in this study. Figure 2 shows the predicted PNS patterns for genotype 1 (left) and genotype 5 (right) determined from the alignments in this study. Stem-loop III is formed from the folding of nucleotides 141-252 to form 47 PNS sites (Fig. 2) . The numbering of the nucleotides and the base pair positions are according to Giangaspero et al., 2008. The specific combination of PNS positions to define genotype 5a can be seen in the alignment (Table 1b) at position 24 (U*G) and position 28 (G-C; Giangaspero et al., 2008) . There was also a T to C mutation at position 183 in one of isolates studied, 2577/LD1 as well as three European reference specimens, two from France (AM502710, AM502711) and the other from Belgium (DQ164750 , Table 1b ). In three of the specimens (3065/LD1, 2014/LD1 and 918/LD1) and the Brazilian isolate (AY033769) there was a single A insertion at position 207 (Table 1b) . The genotype 5a specimen sequences with these changes did not cluster significantly differently in the phylogeny, although 2577/LD1 was an outlier to the main genotype 5a clade in the 5'UTR region (Prabdial-Sing et al., 2008) .
The data partitioned into genotypes 1 and 5a identically by PNS analysis based on changes in the secondary structure when compared to both 5'UTR and NS5B phylogenetic analysis of the primary structure. Specimens infected with these two genotypes were chosen for the PNS analysis as they are the predominant genotypes found in HCV-infected individuals in SA. The phylogenetic analyses were published previously (Prabdial-Sing et al., 2008) . Three more variable sites were found, at positions 106, 183 and 207, in genotype 5a sequences. The nucleotide change at position 106 lies in a region of the 5'UTR which is unpaired in genotype 5a whereas the change at position 183 lies in the stem region between the loops of domain IIIa and IIIb. The T183C change does not affect its complementary nucleotides AA at position 215 and 216. However, the stable U-AA bond is predicted to change to a Y: AA bulge at position 32 (Fig. 1b) . The insertion at position 207, seen in some of the genotype 5a sequences, was predicted to form part of the domain IIIb loop. The insertion of a single A at position 207 and CA at position 197 at base pair 41 and 47 in the structural alignment, respectively, were among the unique PNS characteristics described for subtypes 6a and 6b (Giangaspero et al., 2008) . They are predicted to form a higher secondary loop structure but do not change the stem. This same insertion at position 41 in the genotype 5a sequences was not predicted to elongate the loop, but should be noted as specific changes are important for primer design.
Functionally, since this occurs in the loop structure, little or no effect on viral viability and replication is expected.
The PNS method differentiated subtypes 1a and 1c from subtype 1b by the base pair change at nucleotide position 243, observed in PNS position 10. However, since A is also definitive for subtype 1c, subtype 1a and 1c could not be discerned. The availability of sequence data from the nucleotides 1 to 80 at the amino terminal would have cleared this ambiguity as the PNS characteristic for genotype 1c includes a unique site (GG bulge at position 7) in the V1 structure (Giangaspero et al., 2008) . PCR amplification of the amino terminal of the 5'UTR was attempted using the rapid amplification of cDNA ends For clearer subtyping of genotype 1, the first 80 nucleotides of the 5'UTR should be sequenced for the full application of the PNS method. At present PNS analysis is labour intensive, but the method would have potential were easily accessible computer programmes available. When fully automated, it could provide a reliable alternative for rapid typing and subtyping of HCV in the conserved 5'UTR which is a very robust region for PCR of the less characterised genotypes. At the same time, because of the importance of the 5'UTR 3D structure, structural changes are more reliable than primary sequence changes.
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